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We have succeeded in isolating and growing Lewis rat T lym- 

^^^^^^^^^^ jonf v"=£ 
into s^geneic incipient ntts. Furthermore, 
the anti-BP lines could be used to vaccmule ra s ag^n^t the 
dcvc^pment of active EAE ^"^seqaent to 
apainst BP in Complete Freund's adjuvant (CFA) p. Jj- 
SvwfreiUtthS the realization of these fi.nctionsbyI.ne 

[I 3824] 
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AhbreviaUons: BP: Myelin basic protdn CFA: Compl^^«i;j 
adjuvant WS: ^-^^^^^^^n.^!^^^- ^ 
EAE: Experimental *"^^_.^„tinin PPD: P»rifi«=d P«»- 
phate-buffeted ^^^',^^^^^1 CT ceU gnWh 
tein derivative of myo^actena 1L2. mwneuiau v 



T lymphocyte lines producing or vaccinating against 
autoimmune encephalomyelitis (EAE). Functional 
activation induces peanut agglutinin receptors and 
accumulation in the brain and thymus of line cells* 

We studied lines of nit T cells, specifically reactive against myelin basic pro«in m 
*«. weS functional in mediating i.utoimmune encephalomyd.tis or in vacdnanng 
f n n^sSS of Sitive EAE. Herein wc report that these functions depended 
"Son ofTe ce^^^^^^^ with BP or with a T cell mitogen pnor to 

JlJJdlStflstShe^^^^^^^^^ thymus gland was observed. 

cells (LC) required their activation in vitro before insulation 
into recipient rats. Nonactivated anti-BP LC could neither 
cause EAE nor prevent disease. In addition to acquisition of a 
functional program, activation was associated with changes m 
the cell membrane detected by the exposure of receptots 
specific for the lectin peanut agglutinin (PNA). Moreover, 
a^mulmion of some cells in the brain just before onsetrf 
EAE was a unique characteristic of activated anti-BP LC The 
thymus trapped a minority of LC of any specifiaty, prouded 
thrthe cells had been activated by incubadon wiA sp^c 
antigen before injection. The majority of '."J««;d^ c^"s, 
acti^ted or not. accumulated in the liver and in the spleen, 
mis the entry and persistence of IX: ta various organs is 
Saueaiid byTtate of the cells as well as by die presence of 
specific target antigen m the organ. 



factor) LC:Une cells 



2 

2.1 

Rats antigens, active immunizatioa to guinea pig BP and pro- 
Stii^ nap^nses wer« as described previously [l-H- 

2.2 Selection and propagation of antigen^^pee^ 

Zla LC were selected from a ^^f-^f^'^^t^'c^ I 
node ccUs for their response to BP. and Zlc hne ce | 
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T cell lines againsi autoimmune encephalomyelitis 4 19 



for their response to purified protein derivative of tuherculiii 
(PPD), as previously described [1]. Cell lines were maintained 
in medium enriched with interleukin 2 (IL2, T cell growth 
factor) in the absence of specific antigen or accessory cells, as 
described [1. 4]. 



2.3 Activation and transfer of LC 

LC were activated by rcstimulation in viiro with either the BP 
or PPD antigens or the mitogen cancanavalin A (Con A). LC 
(2 X IH^mll were stimulated with either antigen (10 ng/ml) or 
Con A (1.25 i^ml) in the presence of syhseneic irradiated 
(15(n) rds) normal thymus cells (15 x lU^/mlfin tissue culture 
plastic dishes (10 ml/dish) in a proliferation medium consisting 
of Dulbecco's niodined Eagle's medium (DMHM: Gibco. 
Grand Island. NY) supplemented with I m.M L-glutaminc. 
5 X 10 'm 2-meicaptoethanol. uentamycin (4<) ug-ml) and 1',/ 
fresh autolnyiiuN r:it sdrum. The cultures were incubated for 72 
h at .>7 --L' ill hutriidified air plu.s 7.5' / CO;. The cells were then 
collected ;iniJ washed iwico. and the indicated niinibcrs of lym- 
phobkiM.s were injocioU i.v. into normal syngeneic recipicnis. 
Tlic rat.s wore nbservcd lor development of F.Al!; diaitnosed 
clinically by »)vcrt paralysis ai lca.st a\ the hind limbs ;uul 
pathoUijiically by poriva-tcular mnnonuclcar evil infiliraies 
seen on liiMolii^icul o.vaminations 



2.4 I. irlin binding! and scparalinn of cells 

The lectin ai'.i'.Iiiliniiis. PNA. soy bean, crylhrinu. wheal gern>. 
("on A. ritin ;iikI loim U'lruiiouoUihus were prcpareil ;inil 
bheled Willi lUiorcNcein \(y\. I. C were Mialied hn lectin himlinu 
eiilier 72 li iilier activation or hclorc aetivutiiiii when (In y liml 
been euliured lor ai least 14 days in medium coniaininu 11.2. 
Lectin binding delected by inciibatinii 4 x 10" eells in ii.l 
ml pliospliate-bulTerod .saline I PUS) itmluininsi 51) iiji lectin for 
1 h at 4"C. Tile cells were wa.sbeil In Lciiirifugation in PBS aiui 
Studied Uhiag a tluorcscenee micriiseupe with :i 5X,5-nm filter. 
Lectins listed as positive stained .^75'.-> of the eells, while 
negative lectins bounil to KI'V or less of the cells. The results 
lor binding of PNA were confirmed usinp a fluorescence-acti- 
vated cell sorter (F,A(."S 11. Becion-Dickinson Electronics. 
Mountain \ ie« . CA). as described f41. The specificity of PNA 
binding was tested by inhibition of binding in the presence of 
0.2 .M galactose. LC aaplutinable with PNA were separated 
from niinagBluiinable LC according to the method of Reisner 
et al. [7]. BViefly.anti-BPLC were activated and 10* cells were 
incubated in 0.5 ml PBS containing 1 ^g PNA (Miles Yeda. 
Rehovot. Israel) for 10 min at room temperature. The cells in 
0.4 ml were overlayed on 10 ml of bovine serum albumin 
in a conical centrifuge tube at room temperature for 30 min. 
Cells were collected from the top (PNA-niinag^hiiinable) and 
bottom (PNA-aggiutinable) of the tube and these fractions 
were washed once by centrifugation in PBS. The pellet was 
incubated with 2 ml of 0.2 m D-galactose for 5 min to separate 
clumped ceils. About 75% of the activated LC were recovered 
in the pellet of PNA-agglutinable cells. Rats were inoculated 
with 1 X 10" cells and observed for development of F.AE. 



2.5 "Or labeling of LC 

LC (25 X 10") were incubated for 30 min at 37 T in 1 ml of 
DMEM containing 250 mCi = 9.25 GBq of Na,"Cr04 (Amer- 



sham International, Amcrsham. Bucks. GB) supplemented 
with 5% calf serum, 'llie cells were then washed 3 times by 
centrifugation and resuspended in PBS at a concentration of 
5 X 10*/ml. "Cr taken up by the LC and accumulating in vari- 
ous organs was counted using a gamma detector. Recipient 
rats were exsanguinated at various times and radioactivity was 
measured in 1 ml of blood and in the liver, spleen., thymtis. 
brain and spinal cord. Results are expressed as the minimal 
estimated accumulation (MEA) of labeled LC per organ or 
per 10 ml of blood as follows: 

j^g^ _ (cpm in organ - background cpm) x nu mber of cells injected 
(cpm of ihe cells injected - background cpm) 

Ruts were studied individually in these experiments. About 
25«> of the injected cpm were recovered in the sampled 
organs. In preliminary experiments, whole body scan of reci- 
pient rats inoculated with anii-BP LC tagged with 111 indium 
oxine |iS| showed no major sites of accumulation outside of the 
liver and spleen. Thus, the bulk of recoverable LC seemed to 
be in the organs which we sampled. 



3 Results 

3. 1 .Aclivalitm of LC Fc<|uircd fur F.AE 

111 previous experiinents. liAF. was sucessfullv modiuted by 
viable, proliferalinii anii-BP LC that had been activated by 
incubation with BP before inoculatin. No disease was pro- 
duced by in..eiil.iiiiiui cells that hiid been irradiated (1500 rds: 
|2|). InrateU with iiiiliimycin C |2| or killed by heating (65 T). 
The siipeinaiani fluid of Zla cultures also failed to mediate 
l-At. 



Table I. Kinetics of iiiculialinn with BP far ueiivntlun of Zla line" 



"nmeuf Mediation of dinieal £A£ 

incabatioQ 

of zla cells 

with BP IncideiiGe Degree'* .Mean:day of Mean day of 
(h) onset reobvety 




a) Zla LC (10 x 10^) that had been propagated in vitro in medium 
containing TI.2 wirhmit RP were injected i.v. before rextimulBdoii 
(none), ox after l»ihg incubated from 0 to 72 h widi BP in the 
presence of iiradiated noimal syngeneic thymus cells as accessoiy 
cells. For times of incubation of 8 h or leas, 6 x IC Zla cells were 
mfaced with 3 x iC accessory cells and 200 |ig BP and the mixnirc 
was inoculated unmediately into recipient rats (0 lime) or after 
incubation for 6 or 8 h. Incubation fat longer periods was done as 
described in Sect. 2.3 and each rat received 6 x Iff" lymphoblasis. 

b) Weakness of tail and hind legs was considered as mild dinieal 
EAE. paralysis of tail and hind legs as moderate dinieal EAE. and 
paralysis of tail, hind and front legs as severe clinical EAE. 
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Table 3- Vaccination 



A. Bcn.Nun. J. Holoshia, T. Reshetei b1. 

VndVns no. the result of merely injecting the cells together 
with BP. 

3,2 Con A activates the EAE potential of LC 
Th. above ,.uns™«.> m^^^^^^^^ 

appeared that mediation of EAE was a prnpcrt a s k . J. 
SSti-BP line, but thtit activtilion of this rnicn.ul cukl b. 
achieved by nonspecific stimulation with t on A. 
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igainsi EAE requires activated anU' 
:{>•■ - ■ octive.EAE v ... 



-BP LC" 



Zle (OBii-PPD) 




3.3 Activated LC required f.ir vaccii.alii.n 

TO learn whether acxiv.uon of LC vvasn:Muir«l foj ^'^"^^ 
of their abilitv lo vaccinate auainsl UAL. /CI a anli ui »r /.ii 
an JSd LC wore either acdva.cd by incubatu.n n, ^.W. 
72 h with their respective antigens or "-""''T^ ' "^^'^ 
with IL2. Some of the LC were the, ire;..ctl by 
mitomycin C and inoculated i.v. mto n^"-. '-'I 'f;-^ 
test tl,e abilitv of the LC to vaccinate ujiainsi AL (he a s 
were challenged .1 weeks later with an ''"'^^^^''^^ 
■ tion of BP/CFA. Tlic results are tabulated in I able 3. < untrol 
rau that had not been previously inoculated with LC and 
S?t haJ been inoculated with Zlc anti-PPD cells showed m, 
reshtance to induction of EAE. As we obserNcd earlier 1- 
c ivated anti-BF cells, attenuated by "^-^^l^^ 
mytomvcin C. functioned as agents of vaccmm-o"^"; J^^^^^^^^ 
of the recipient rats were resistant to active LAG. However. 



Actl.. EAO w:.s induced by HP CFA ^-^^-^^^i^^ 
Z c C- th . were mainuuncj m r,/r,. wiiluu.. :.mi,cn in 

holorc trcaimcnt. with the up(.r.,pr.:..c a.il.p:.. «» ih. prc>.nci Of 
irradiated synpcuic cells laciivalcdl. 
b) Niimbcni in parcndiescs rclcr to number., of r.Us. 
cl l» - 11.115. 



acti^ 
of r 



call 



Table 4. .Aclivalcd anii-HI' M Inline 1'NA ^' 



lectins 

PNA 
Con A 
Soy bean 
Rido 

Wheat getm 



e recipient rats were resistant ti 
tabU 2. Activalinn of LC with BP or Con A" 




mal syngeneic LewB rats. 



Hoorcsceinatcd lectins tt£ 
!;S„'^!,r^tr" ^cf^:'™ cells. The resum 

the presence of 0.2 M galactose. 

these LC could not vaccinate if they had not been activated by 

Ebation with BP. THus. vaccination. 

disease, appeared to require activation in vuro of anti-BP ll. 

3.4 Activated LC become PNA"^ 

We studied binding of Auorescein-labeled lecpj, LC 
to investigate whether activauon involved changes m the c 
membranT Table 4 shows that of 7 lectins «ted only PN a 
SSshed between activated and nonaettvated LC in tb»t 
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Teen lines a{ 



a was associated with acquisittou of pusdtive PNA 
. juKfing. Thus, activation was associated with the availability 
■'V receptors spedfic for PNA on the cell membrane. 



PNA-aggludnable activated LC mediate EAE 

.J investigate whether PNA ag^utinabiUty was a marlcer for 
j'fiinctionally potent LC, we activated anti-BP LC by incubation 
^with BP in the presence of irradiated accessory cells and physi- 
■ 'ciilly separated the LC into those that were agglutinable or not 
r aggiutinabie by PNA [7]. Tabic 5 shows that die PNA-agglu- 
f tiiAble cells were more effective in mediating EAE than were 



injected rats i.v. with S X 10^ cells. 'Vbs estimated number of 
cells accumulating in the Uver, spleen, diymus and brain is 
shown in Fig. 3. Activated anti-PPD cells accumulated in the 
liver, spleen and thymus to about the same degree as did acti- 
vated anti-BP LC (see Kg. 1). In contrast, activated anti-PPD 
LC could not be detected in the brains of any of IR rats investi- 
gated. Thus, activated LC spedOc to either BP or PPD were 
found to accumulate in the tiiymus, while only activated anti- 
BP cells aocumtdated in the brain and caiLsed EAE. 



3.6 Organ 



oF anti-BP LC 



Fig. 1 shows the resuhs of 1 of 4 experimenls in which Lewis 
rats were inoculated i.v. with the anti-BP LC that had been 
activated by incubation for 3 days with BP in the presence of 
irradiated accessory cells. AH four experiments produced simi- 
lar results. The activated anti-BP LC disappeared from the 
blood within 1 or 2 days and a relatively large number accumu- 

. lated in the liver (about 90% of the recovered counts), while a 
lesser number accumulated in the spleen (about 10%). On day 
4, one day before the onset of EAE. there was a relatively 
small but highly significant accumulation of counts in the brain 

'[ and thymus (ahout \% each). The spinal cord (not shown) 

> accumulated about the same number of tagged anti-BP LC as 
did the brain. The brains of a total of 10 rats that were 
examined one day before onset of paralysis, in the 4 experi- 
ments, showed an estimated accumulation of 11396*2310 

i tagged anti-BP LC. 

i Fig. 2 shows the results of an experiment in which we followed 
f the organ distribution of activated and irradiated anti-BP LC. 
f ' It can be seen that these cells failed to accumulate in eiUier the 
^ brain or the thymus and were found in the liver and spleen. 
Nonactivated anti-DP LC showed the same pattern of distribu- 
tion (not shown). Thus, the ability of intact activated anti-BP 
■i, LC to mediate EAE was correlated with the accumulation of 
' some of die LC in tiie brain and thymus. 



I 3.7 Accumulation of anti-PPD LC 

To test the specificity of accumulation of LC in the brain, we 
tagged activated cells of the Zlc anti-PPD line with "Cr and 



TaHe 5, Activated anti-BP EAE effector LC are a 
iPNA" 




cells of each faction and observed for paralysis of tail and hind 
legs as signs of moderate EAE. 




Figure I. Acdvated anti-BP LC accumulate in the brain and thymus. 
l.ewis rots wete inoculated i.v. with j »< lU" LC that had been activated 
and labeled widi "Or and the numbers of cells accumulating In ihe 
blood, liver, spleen, thymus or brain were estimateil. Each point 
represents die mean of 2-4 rats. Standard emts wete le» dian 12% of 
the mean. 




Figure 2. Activated and Irradiated anti-BP LC do m 
the brain or diynms. The experiment was done a.s in Fig. 1, except diat 
die LC were inadiated.by 1000 rds before inoculation. "Brain" sig- 
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To learn whether anti-PPD LC coald accumulate in ihc brain 
duriDK EAE. we inoculated rats with a mixture of .'Cr-t'Eefd 
anti-PPD cells and unUggcd anti-BP «"i.^f,«^^^JJ^ 
Emulation in the brain of the anti-PPD cells during EAE 
SS^y the anti-BP cells. Table 6 shows that the anti-PPD 
LC were ui^detectable in the brains despite the developmen of 
iXS b the recipient rats. In contiBSt. about 13000 labeled 
anti-BP LC did accumulate in the brain. 



It «a.s shown earlier that transfer of EAE by lympho^es 
obtained from primed animals of several species (mid be 
enhanced by incubating the lymphocytes BP l^U] ^ 
With Con A 1121 before inoculation mto recipients. The cffecte 
of BP or Con A in those transfer experiments could be attn- 




Fisure 3. Activated anti-PPD LC accumulate in ihe thymic, but not in 
the brain. The experiment was done as In Fig. 1. 



Table 6. Anti-PPD LC labeled widi "Gr fiiU lo 
brain during EAE mediated by anti-BP LC 
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buted to an increase in the number or proliferative capacity of 
the smafl fraction of anti-BP cells in the heterogeneous popu- 
lation of primed cells. However, the reioita re^ed here 
involving a continuously proliferating population of T lympho- 
cytes largely, if not exclusively, specific to BP suggest a more 
fundamental role for activation. 

LC maintained in a continuing state of proliferation by cultur- 
ins them in propagation medium containmg IL2 [13J were 
SfaSS uiSin iT^ inoculation, of directly «»«^at.ng EAE 
(Table 1) or of enhancing resistance to ^AMTaWc 
3). However, subsequent to incubanon with BP about M 
h the anti-BP cells acquired the capaaty to mediate bAE 
directly (Table 1). This activation of the LC did require 
interaction with specific BP antigen, os >n="balion with the T 
cell mitogen Con A was effective (Table 2J- These resulte 

nSiSat the state of the LC, and not the BP antigen .t«lf 
the critical element in realizing the efffector potential, of 

the line. 

The capability of anti-BP LC to vaccinate ■'f "« .f AE aJso 
anoeared to require prior activation of the cells m viiro (Table 
3?1s wc reported earlier |2l. Zlu cells, when attenuated by 
rUatTon o? treatment with mitomycin C. 'l'^ "jf 
EAE. but rats receiving such cells accju.red. resistance to sub. 
sequent induction of EAE by injca.nn of BP/CFA. The 
mJchanism of this resistance has yet u. he danf.cd but ,t 
Ss to involve some form of immunity to ihc ant,-BP recep- 
on on the T cells | U). It is possible that uc„v.,,on of these 
cells in W.™ might, thniugh changes in the ccl n,cn h>.^^ 
enhance the concentration or exposure of thcNC BP-spniitc 
receptors. The receptors on activated LC might .hen be more 
accessible and. therefore, more immunogenic when these cells 
Se ised as agents of vaccination. The notion that activation 
mieht product chanaes in membrane receptors was suppor ed 
finding that activation of anti-BP LC was uecompan.ed 
S acqSS Of PNA positivity (Table 4), The rmd.ng tha 
activation did not modify the membrane receptors or other 
lectins suggests that the appearance or increasi: of the PN A 
SoR was specific. Moreover, we found that among he 
Shition of activated PNA* LC, those that were more read- 
Hy agglutinable by PNA included the more powerful medm ars 
of EAE (Table 5). suggesting that effector function might be 
^Slated S the concentration or quantity of PNA recep- 
tors on activated cells. However, we have 
matidn about the PNA receptors other than Uiat they arc s tu- 
Sed at the cell membrane and most probably expose a gajc^ 
"sc residue [15]. PNA receptors have been associated with 
Sfcirculatoiv physiology of lymphocytes [161 and .n tin 
remd we found that activated anti-BP LC accumulated in the 
S§S Sral nervous system) and in the thym« jpjeen =md 
Uver Activated antf-PPD Une cells were not detected m the 
Ss aSiough they were found in the other organvtested. 
Nonactivated or irradiated LC did not accumulate m either the 
brain or thymus. 

Tbc immunospecificity of T lymphocyte line accumulation in 
the CNS seeins to be at variance with the results of earlier 
investigations involving transfer of labeled cells from the lyj 
ohoid orcans or donor animals that had been pnmed with 
rJedficTnrigen. It has been '^i^^-J^^^.^'^jSirS 
accumulation to specific antigen in mostJ17-201 but noi m 
STSS The majority of cells infiltratin| the lesions o 
^EAE and other sites of inflammarion were " be not 
specifically directed against the particular antigen 119. 201 
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, the apparent lack of specific accumulation in those 
may be explained by the low specific activity of the 
— ous populations of cells transferred from primed 
compared to the exclusive specificity of our LC. On the 
hand, our failure to detect nonspedfic remiitment of 
PD LC in EAE brains could be because the LC had 
[y been differentiated' to the point where they were lesis- 
» nonspecific recruitment to inflammatory lesions. In any 
, it is evident that aDtoimmmie anti-BP T lymphocytes in 
circulation can find the CNS, penetrate it, and mediate 
ease. 

e accumulation in the thymus of activated anti>BP or anti- 
D LC raises the possibility that the thymus may function in 
e physiology of fully differentiated T lymphocytes and not 
r/e merely as an organ of early T lymphocyte differentiation 
2]. We have been able to recover the progeny of activated 
d-BP LC from the thymuses of rats that had been inoculated 
iS earlier with those cells and had recovered from EAE 
[23]. The recovered cells were able to recognize BP and medi- 
ate EAE upon transfer to naive rats. This indicates that anti- 
BF T lymphocytes, potentially able to produce autoimmune 
disease, persist in the thymus despite recovery from EAE and 
acquired resistance to induction of active disease [14], The role 
of these persisting cells in immunological memory or in regula- 
' of autoimmunity is a new question raised by these find- 

-ther unanswered question is why only a small minority of 
ti-BP LC accumulated in the CNS and thymus whereas 
e vast majority resided in the liver and spleen. It is possible 
t the latter were injured or abnormal and so were filtered 
' y scavenger cells of the reticuloendothelial system. How- 
, other explanations are conceivable and periiaps the 
n can be answered when we succeed in cloning LC and 
how the brain-seeking anti-BP cells differ from the 
IS-, liver- and spleen-seekers. 

k Mr. H. Olmy for hb tedmieal assistance and Prof. M. Feld- 
trhb support. 
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